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RESULTSOFHEATTRANSFERTESTS
ONTHESPACESHUTTLEINTEGRATED

VEHICLE,UNDERASCENTCONDITIONS,
USINGTHEO.0175-$CALE60-OTS

MODELIN THENASA/ARC
3.5-FOOTHWT (IH-90)

by

J. R. Nakamoto

Rockwell International

Space Transportation & Systems Group

ABSTRACT

Test IH-90 was conducted in the NASA/Ames 3.5-foot HWT to obtain convective

heat-transfer rate distributions on the Space Shuttle Integrated Vehicle

during simulated flrst-stage conditions for intermediate flight attitudes.

The test model was a protuberance updated version of the 0.0175-scale

model (60-OTS) of the Rockwell International Vehicle 5 configuration.

The tests were conducted at Mach 5.2 for a Reynolds number of 5.0 x 106

per foot. The model was tested for an angle of attack range from -5 to

+5 degrees, with the sideslip angles varying from -9 to +9 degrees.
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INTRODUCTION

Ascent heat transfer test IH-90 obtained updated supersonic heat-transfer

rate distributions on the Rockwell International Space Shuttle Vehicle

Configuration VC72-000002F, during simulated flrst-stage conditions for

intermediate flight attitudes.

The test article was a 0.0175-scale thin-skin thermocouple model of the

Space Shuttle Integrated Vehicle, designated the 60-OTS model. This

configuration included the ET Spike Nose and updated protuberances on

the SRB and ET.

This model was tested in the 3.5 foot Hypersonic Wind Tunnel at the NASA

Ames Research Center, from January 27, 1978 through February 21, 1978,

completing a total of 116 hours in the test facility.

Data were obtained under simulated ascent flight conditions: nominal

Mach of 5.2 for a Reynolds number of 5.0 x 106 per foot. For an angle

of attack range of -5 to +5 degrees with the sideslip angles varying from

-9 to +9 degrees.

This report presents information on the conduct of the test, details of

the model, test facility and instrumentation.

Plotted data figures depicting longitudinal heating distributions for the

ET are displayed in Volume I and hi/h u vs 8 plots are presented in Volume

II for both the ET and SRB. Data tabulations are presented in the

Appendix of Volume II.
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SYMBOL

b

C

Co, CI, C2

c
P

CHAN

H
aw

H
t

N,i

h

h 8

h/hs(X.XXX >

L

M.

P.

Pt

qi

MNEMONIC

ALPHA

BETA

CH_AN

HAW

HT

HW

H

HS

H/KREF

(R=x- xxx)

LENGTH

MACH

PINF

PT

QDOT

QREF

NOMENCLATURE

DEFINITION

model angle of attack, degrees

model angle of sideslip, degrees

thickness of model skin

specific heat of model skin material

constants in curve fit for C over model

wall temperature range

specific heat of air stream (perfect

gas value)

recording-system channel

adiabatic wall enthalpy

freestream total enthalpy

enthalpy based on model wall temperature

for given T/C location at initial time

heat-transfer coefficient at model wall

for given T/C location

stagnation-polnt heat-transfer coefficient

for reference sphere

ratio of model heat-transfer coefficient to

heat-transfer coefficient of reference sphere

for Haw/H t = X.XXX (i.0, 0.9, 0.85)

model reference length

freestream Mach number

freestream static pressure

freestream total pressure

heat-transfer rate at model wall for given
T/C location at initial time.

stagnation-point heat-transfer rate for

reference sphere at initial time

5



NOMENCLATURE (Continued)

SYMBOL

Rs

Re /ft,Re

Re_
,L

St (X.XXX)

T

Too

T t

Tw i

T/C

t

ti

W

x/_,

X o

Yo

MNEMONIC

RS

RN/FT,RE

REL

STN NO

TINF

TT

TW

T/C NO

TIME

VINF

X/L

XO

YO

DEFINITION

reference sphere radius at model scale

equivalent to 0.305 m (i ft) for full-

scale vehicle

freestream Reynolds number per foot

freestream Reynolds number based on

model reference length, L

Stanton number based on freestream flow

conditions and the model heat-transfer

coefficient for Haw/Bt - X.XXX (i.0,

0.9, 0.85)

temperature

_freestream static temperature

freestream total temperature

model wall temperature for given T/C
location at initial time

thermocouple

time

initial time (before model insertion

into flow) extrapolated from f(Tw)
vs. time

velocity

freestream velocity

density of model skin materlal

longitudinal location on model as a fraction

of model length

longitudinal location of thermocouple on the

OMS pod referenced to the orbiter

lateral location of ther_ocouple or the OMS

pod referenced to the orbiter.



SYMBOL MNEMONIC

NOMENCLATURE(Concluded)

DEFINITION

_D

8D

PHI

PHI-D

PSI-D

THETAD

RHO

model roll angle

Orbiter radial location of thermocouple mea-
sured clockwise from top centerline looking
forward

right hand SRBradial.locatlon of thermo-
couple measuredclockwise from top centerline
looking forward

External tank radial location of thermocouple
measuredclockwise from top centerline look-
ing forward

viscosity of air

density of air

Subscripts

aw

i

PG

s

t

w

_o

i

2

Definition

adiabatic wall

initial value before model insertion into tunnel

flow

perfect gas (calorically and thermally perfect gas)

reference sphere

freestream total condition

wall

freestream

conditions upstream of shock

conditions downstream of shock



CONFIGURATIONS INVESTIGATED

The 60-OTS model is a 0.0175-scale thln-skin thermocouple model of the

Rockwell International Vehicle 5 configuration (VC72-O00002F). A sketch

of the Space Shuttle Integrated model is shown in Figure i. The model

was constructed of 17-4 PH stainless steel with a nominal skin thickness

of 0.030 inch at the instrumented areas. All thermocouples were spot-

welded to the thin-skin inner surface.

Data were obtained for the orbiter, external tank, and the rlght-hand SRB.

Two model configurations were to be investigated during this test. The

fully integrated model with the orbiter, external tank and both right and

left SRB was designated the'OTS configuration. The "T" configuration

consisted of only the clean (no protuberances) external tank. Due to

continuing problems in the facility isolation valves for the 3.5-foot

HWT, the "T" configuration was later cancelled for this test.

The spike nose tip (lO-degree sharp cone) was installed on the external

tank, Figure 2. The external tank reference length of 32.295 inches in

model scale is based on the tank length with the nipple nose attached.

This reference length was retained for consistent values of X/L.

The inboard elevons on the orbiter were deflected down i0 degrees through-

out the test. Outboard elevons, orbiter speed brakes, and the body flap

were set at zero deflection.



CONFIGURATIONS INVESTIGATED (Concluded)

Boundary layer trips were used on the orbiter and on each SRB to generate

a turbulent boundary layer. The trips consisted of 0.020-inch-diameter

balls spaced on 0.060-inch centers around a form fitted steel strip.

The trips were located at an X/L of 0.04 on the orbiter nose and 0.19

on the nose of each SRB. The nose shape on the external tank effectively

tripped the boundary layer.

Nomenclature used to describe model 60-OTS components of the Vehicle 5

configuration are as follows:

Component Definition

B62 fuselage

C12 canopy

E52 elevon

FI0 body flap

MI6 0MS pods

RI8 rudder

V 8 vertical tail

WII 6 wing

T38 external tank (spike nose)

S26 booster solid rocket motor

Dimensional data for each model component are presented in Table IV.

Model configuration drawings can be found in Reference i.

D 9



INSTRUMENTATION

The 60-OTSmodel is instrumented with 1,375 thirty gauge iron-constantan

thermocouples: 296 of themwere monitored for this test. The estimated

uncertainty of these thermocouples is ±0.5 percent. The thermocouples

were located on the forward fuselage of the Orbiter and around the pro-

tuberances on both the External Tank and Right-hand SRB.

Thermocouplelocations and measuredskin thicknesses for the Orbiter, ET,

and right SRBare given in Table V. Thermocouplelocations are shown

in Figures 3a-e.

During each tunnel injection, data from 75 thermocoupleswere recorded.

Four sets of thermocoupleswere required to accommodatethe large number

of thermocoupleson this test. Thesesets are called Constant Sets in

the run schedule. A llst of the four Constant Sets is given in Table Vl.

This llst includes all of the thermocouplesthat were installed for this

test. Several of the listed thermocoupleswere determined to be inoperative

and these data have been omitted from the tabulations.

i0



TEST FACILITY DESCRIPTION

The NASA-Ames 3.5-Foot Hypersonic Wind Tunnel is a closed-circuit blowdown-

type tunnel capable of operating at nominal Mach numbers of 5, 7, and i0

at pressures to 1800 psia and temperatures to 3400°R for run times to

four minutes. The major components of the facility include a gas storage

system where the test gas is stored at 3000 psi, a storage heater filled

with aluminum-oxide pebbles capable of heating the test gas to 3400°R,

axisymmetric contoured nozzles with exit diameters of 42 inches for gene-

rating the desired Mach number, and a 900,000 ft 3 vacuum storage system

which operates to pressures of 0.3 psia. The test section itself is

an open-jet type enclosed within a chamber approximately 12-feet in diameter

and 40-feet in length, arranged transversally to the flow direction.

A model support system is provided that can pitch models through an

angle-of-attack range of -20 to +18 degrees, in a vertical plane, about

a fixed point of rotation on the tunnel centerllne. This rotation point

is adjustable from i to 5 feet from the nozzle exit plane. The model

normally is out of the test stream (strut centerline 37 inches from tunnel

centerline) until the tunnel test conditions are established after which

it is inserted. Insertion time is adjustable to as little as 1/2 second

and models may be inserted at any strut angle.

A hlgh-speed, analog-to-digital data acquisition system is used to record

test data on magnetic tape. The present system is equipped to measure

and record the outputs from 80 transducers in addition to 20 channels of

tunnel parameters.

ii



TEST PROCEDURES

The 60-OTS model was sting mounted through the orbiter base. The external

tank and SRB's were suspended beneath the orbiter by an adapter which

attached to the back of the orbiter's sting.

All instrumentation leads passed through the model stings and were routed

externally along the main sting for approximately 3 feet to allow for

model roll.

The model instrumentation was connected to the Beckman 210 data system.

The Beckman 210 is a high speed i00 channel data system. Of these i00

channels, 75 channels were used to record thermocouple data, the remaining

channels were used to record tunnel parameters (total pressure, tempera-

ture, etc.). To obtain data for all 296 thermocouples monitored for this

test, 4 tunnel runs were necessary to complete a set of test conditions.

Before each run the model was cooled uniformly to approximately 70°F.

The model was then inserted into the test section and data were collected.

Total time on centerline for the model was approximately 4 seconds.

12



D
DATA REDUCTION*

Equations and Constants

All test data were reduced at the NASA Ames Research Center using

the data-reduction techniques outlined below. The thermocouple data were
reduced using the one-dimensional, thin-wall equation:

dT H H

= h . Hw ) - hHt ( aw w
= WCb dt (Haw HT H t )

which neglects heat-conduction losses.

Cl)

Assuming that W and h are constant and

C = Co+CITw+C2Tw 2 for Tw ranges

the integration of equation (I) for t = t. to t and T = T

the linear equation: _ w

aw÷ w w.
f(T_...-£n IT' -T I'|C r-'- + _ 1

WilL aw aw 2
hc

._.E
.WC' b (t- ti)

aw

W°

1
to Tw yields

] (Tw - Twi)

(2)

C5)

where it is defined that:

H H H

T_ _ aw _ aw
aw ,p H_ c t- ->(Taw) PG (4)

P

C.i = C + C I T' + C2 T' a (5)•aw O aw aw

specific heat at adiabatic wall temperature"

The form of Eq. (5) is f(T.) = mt + a where m is the slope and a is the inter-

cept for a straight line "if heat-conduction e1_ors are negligible. Thus,

deviations from a straight line can indicate heat-conduction effects.

*Data reduction section provided by William K. Lockman

NASA Ames Research Center.

13



DATA REDUCTION (Continued)

The slope, m, of f(T) vs t from Eq..C3) is computed by a least-
squares, straight-line fit ove_ a finite time interval (approximately one
second) beginning when the model reaches uniform tunnel flow. The value of
the heat-transfer coefficient, h, is then determined from:

WC' b
h= aw

C m
p

C6)

Using this value of h, the heat-transfer rate is evaluated at the initial

time, t i, when the model is isothermal at the initial wall enthalpy, H
W.

l

H H .

= _ _ hHt ( aw wl)
" _i h (Haw Hwi ) -_t

C7)

where Haw/H t is the same value used to evalaute h. The resultant value of

is independent of the value of Haw/H t used for both the h and _ evaluations.

The reference sphereheating is also evaluated at the initial wall

enthalpy by the method of Fay and Ridde_ (Ref. 4):

H
W.

qs " hs C"t" _.) _ hs "t Ci.0- @) C8)
i t

The model-to-sphere ratio of heat-transfer coefficients is then
determined from £qs. (7) and (8) as

Hw./H t ]

h__=_i 1.o- i
hs q_ Haw/Ht _ Hw ./H t (9)

i

where qi is constant for all values of Haw/H t. To determine h/h s for various

values of Haw/Ht, the particular value of Haw/H t is substituted into Eq. (9).

The Stanton number is defined as

h 4i
St £ --=

Ou pU(Haw . Hw.) (10)
I

where for freestream conditions, 0u = 0w_-

The calculations of the model heating, reference sphere heating, and

Reynolds number included the corrections of NACA report 1135 (Ref. 2) for

calorically imperfect, thermally perfect air. Keyes' equation for viscosity

14



DATAREDUCTION(Concluded)

(see Ref. :3) was also used for the sphere heating and Reynolds number

computati ons:

0.0252 x I0 "s T0"5
_=

220 lO-9/T
1 + -_-- x

where the units for T and _ are "R and ib-sec/ft_ z respectively.

(11)

Material Properties

The instrumented areas of the model were constructed of 17-4 PH

stainless steel. The material thermal properties necessary for thin wall T/C
data reduction are listed below.

Material density:

Material specific heat:

W = 490 lb/ft 3

BTU
c = 0.0797 + 5.556 x 10-s T_

IDm--K

15



DATAPRESENTATION

As explained in the Configurations Investigated section, IH90 had no data

for the "clean", tank alone configuration. Thus the hi/h u data was gene-

rated using h i test data and hu theory data (Reference 5). For _, 8

combinations tested but unavailable from Reference 5, theory data generated

for IH68 was utilized. Theory data for the ogive portion of the ET was

multiplied by .87 before computing hi/h u theory ratios. The theory was

used as generated for the barrel portion of the ET. Plotted data figures

of these ratios are displayed in Volume I for the ET as longitudinal dis-

tributions. The hi/h u versus 8 plots are presented in Volume II for both

the ET and SRB. All plotted data are based on a recovery factor of 0.9.

Only the right hand SRB was instrumented for this test. In order to

provide left hand SRB data displays consistent with previous analyses,

Chrysler DMS special request 8E-2 was effected (Reference 6). This

analysis provided aeroheating data from the right hand SRB displayed as

equivalent left hand SRB data. Plotted data/tabulations may be obtained

from DMS on request.

16
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TEST : IHg0 i TABLE I

TEST CONDITIONS

,DATE : 2/2]./78

REYNOLDSNUMBER

MACHNUt/BER (perunit lenith)

5.2 5.0 x 10 6

BALANCEUTILIZED:

NF

SF

AF

PM

RM

YM

None

CAPACITY:

DYNAMICPRESSURE

(pounds/sq.inch)

i

STAGNATIONTEMPERATURE

(decreesFahrenheit)

ACCURACY:

408 840

COEFFICIENT
TOLERANCE:

COMMENTS:

18
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TABLE IV. N(_EL_0W_L_MLTA

M(_)]_ C(:MPOHE_:

Gm_LT_ DESCI_ZI_'IQll:

Siailar to I_A/_ fuaelage exee_t a_ _ z_n_Lsed a_l

sAd_oay-v_ng-bootfs_r_, Xo - 940 to Xo " iO_O.

MaD_ SCJ.I_: o.o175

DRA_ 3mM_._: _70-00011_C, -O01_0eC, -000_Ea

VLT0_B, -00_3

DIM_21SICIIS:

Coition 1_C orbits" fuselage, ll_ 200-]_.

Length (XMI: F,TD Sta Xo - 238), Xa.

_e_th (O_L,_WD Sta Xo -Z35), Xa.

Max. Wlath (At Xo - X528.3) , Xa.

Nax. _p_ (At Xo - I_), Zn.

Fineness Ratio

Area, Ft 2

129o.3 m._8

1293.3 22.63

26_.0 11.62

z_o.o _.38

S.B99 _._99

3ko.885 . o._Nax.Coss-Sectto_al
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TABLE IV . _I_(_I_ (Continued)

MODEL CO(PONEF2z CAWC_f - CL_

0ENERAL DESCI_I_TI_ Cmn_tion l_OC orbiter canopy. Vehicle

cabin No. 31 updated to MCR 200-R_. Used with fuselage B62.

MCDEL SCALE.

DR_WII_ NJ4_ERZ

IID(K_I(X3:

Length (Xo = _3_.6_3 %o 578), Xn.

Max. Width (At xo-y13._), x,.

Max. Depth (Zo = 501 to b49.39), In.

0.0175

VLTO-OOOIhOC, -000202B, -000204

Iq_LL S_

I_3.357

152.412

5Z.6Z

MODEL SO.ALE

2.508

2.667

0.903
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TABLE IV. MODEL DIM_IONAL _TA (Continued)

MODEL CC_0NET_: EL_C0N - _2

G_RAL DZSCRIF_0N: El_on for em_4Du_om I_OC. N1_llne st

X o - 1387, elevon spl_t llne X_ - 312.5, 6.0", bevel_ _es, snd
centerbodles.

MODEL SCALE: 0.0175

.DRAWING _4_'R: VLTO-O001_OC, -006089, -006092

DIV_NSl 0NS:

Area, _2

Sawn (equ/valent), In.

Inb'd equivalent chord, In.

Outb'd equivalent c'qord, In.

Ratio zcvable surface chord/

total surface chord

At Inb'd equiv, chord

At Outb'd equiv, chord

S-weep Back Angles, degrees

Leadi._ Edge

Tr_i ling Edge

Hir4e line

Area Momen: (Product of area & e-), Ft 3

Mean Aerodynam-c Chord, In.

Ni_ellne dihedral (or_gln at

Zo - 261.35o9), des.

FuLL SCALE MODEL SCALE

210.O O.O64

3_9.2 6.111

118.O 2.O65

55.19 0.966

O.JK)Ok O.IKX)_

0.0 0.0

- io.o_6 - zo.o56

0.0 O.O

1587.25 0.o08

90.7 1.587

5.229 5._9
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TABLE IV . MODEL DIMERBIONALDATA (Continued)

MODEL CQMPONENT: BODT FIAP - FIO

GENERAL DESCRIPTION: Conf1_LT_tlo_ l_OC _<M_7 flap.

st Xo - 1552, Zo = 287.

Htm_e3/ne loc_t_

MODEL SCALE: 0.0175

DRAWi_ _R: VL70-0001_OC, -35511&

DIMENS IONS:

Lemgth (XO - 1525.5 to Xo - 1613), In.

m=. Wld_ (A_ L.E., Xo - 1525.5), l-.

m=. _p_ (xo -15_), za.

Area - Ft2

Wax. C_ss-SectiomL1. (At I.L.)

P1anfo_

_,e (xo - 1613)

FULL SCALE

87.50

256.00

19.798

35.196

135.oo

&.89

MODEL SCALE

1.531

_._8o

o.3_6

0.011

o.o_1

o.oo15
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T_J3LE IV o MODEL DD(_SICWA.L DATA (Coattnued)

MODEL CO4POtCEI_: (I¢S POD - 1116

OIglEIg¢ DESCRI:P_ClI: _t_o= lk0¢ orb£Cer am Pod - _ pod.

SCAL_." 0.O175

D_WlI_ FaaEas VL70-008_O1, -O08_i0

DDOWBIC_S:

Le_ (CMS_ StaXo m 1310.5),In.

W=. _dth (AtXo " 15n), In.

Max. Depth (At Xo - 1511), In.

Ytneneu lqa_io

- 1_ 2

Max. _.oss-Seet£mt_.

_8.5o _.5_

136.8 2.39_

7_.7o _.3o7

58.86k 0.018
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TABLE IV . MGDEL DD_EBSIONAL DATA (Continued)

MCDEL CGMPON_: mnm_ - a18

G_RAL DESCRIPTION: _he rudder is a secondary movable airfoil at the

%railing edge of the vertical f_n that impartm yaw forces. _lj
dimensiomal data w_s calculated from the GN_ _ter dimensions.

MODEL SCALE:

DRA_,___ NO_ER:

D_ERBIO_S :

Area, Ft2

Span (equivalent), In.

Inb'd equivalent chord, In.

Outb'd equivalent chord, In.

Ratio novab!e surface chord/

total surface chord

At Inb'd equiv, chord

At 0utb'd equiv, chord

Sweep Back Angles, degrees

Leading Edge

Trailing F_ge

Hingeline

o.o175

Vehicle 5 Ccmf_ux_tlon NCa 200, by. 7

FULL SCALE MODEL SCALE

y/.8_ 0.030

198.61_ 3._76

91.07 1.699

50.8o 0.889

Area ",!omen_ (Product of Area & e--),Ft3

Mean Aerodynamic Chord, In.

o._oo o._oo

o._oo o._oo

34.833 34.833

_6.2_9 _6.z_9

3&.833 34.833

593.889 0.032

72.8_o 1.s75
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TABLE IV. MC_L DDG_ICE&L _ (Continued)

MCDELC(XPCRENT:

GZE_ALDESC_PTIC_:

(Identical %o eon_tlon l_/Bv_eelt_il).

MC_KL SCALE: 0.0175

_XCAL tAIL - v 8

Con_guraticm lJK_ _ter vea-tSeal tail

DRAWL_ Na4BZR: TLTO-O001_OC,

TOTAL I_tTA

Area (_eo.), _2
PZa_oz"m

Span (Tneo.), _.

Aspec¢ _atlo

l_%e of Taper

Taper 2atio

_reep Beak Anglea, degrees
Leaa_ _e
_Lt_ _e
0.25 wen_t LOne

Chord_:

Root ('_eo.)
_p (_eo.)
MAC

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

Airfoll Section

Leading Wedge AnKle, dq.

__ wedge Angle, deg.
Lead_ _dge Badlua

Void Area

-oooi 

ScA 

_13.253

315.7S

1.675

0.507

• O._Ok

_5.000

_._

&I.IS

268.50

inS.aT
199.81

i_63.35

635.52
o.o

1o.oo

2.00

13.17

o.0Blanketed Area

MC_EL

o.127

5.350

1.675

0.507

0._0_

kS.000

S6.25

&.699

1.898

3. 97
m.6o9
11.122

0.0

10.00

I_.9_
•2.00

O.00_O

0,0 •
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TABLE IV . i_ DIMENSIONAL _ATA (Continued)

MODEL COMPONENT: W_ - WII6

GENERAL DESCRIPTION: Coaf_tIGm 5. NOTEs Identical to Wll_ except
airfoil thickness. Dihedral angle is &lnag trailing edge of wang.
@ecRetric twist - O.

MODEL SCALE: 0.0175 _X_G NO. :
DIMENSIONS:
TOTAL DATA

Area (Theo.), f_2
Planform

sp,,,(_eo), in.
Aspect Ratio

Rate of Taper
Ta_r Ratio

Dihedral Angle, degmees

Incidence Angle, degrees

Aerodynamic Twist, de&-rees
Sweep Back Ansles , degrees

Leading Edge

Trailing Edge
0.25 Element Line

(Theo.) B.P.O.O.

(Theo.) B.P.

Chords:
Root

Tip,
MAC

Fus. Sta. of .25 MAC

W.P. of .25 MAC
B.L. of .25 MAC

EXPOSED DATA

Area (Theo.), ft2

Span, (Theo.), in. I_X08
Aspect Ratio

Taper Ratio
Chords

Root BPI08

Tip 1.00 b/2
MAC
FUS.

W.P.

B.L.

Airfoil

eta. of .25 MAC

of •25 MAC
of .25 MAC

Section (Rockwell Mod NASa) XXXX-6h
Root b/2 =
Tip b/2 =

_ta _or (z) of (2) slaes
Leading Edge Cuff^

Planform Area, ft _

Leading Edge Intersects Fus M.L. @ 8t,a

Leadln_ Edge Intersects Wine @ Sta

TLTO-(X_lkOA, -000200
SCAI,Z MOIIRL SCALE

E_)O.O 0.821,
936.68 16.392

2._5 Z.265

1.177 1.177
0.200 0.200

3•5OO 3•5OO
o.5oo o.5oo

1,5.ooo _5.ooo
- 10.o56 - 1o.056
35.909 35._9

689.Z_
137.85

_7_.8Z

z.136.8}
290.58
18a.13

1751.5o
7zo.68
2.059
o.Z_5

562.o9

137.85
392.83

1185.98
29_.3o

sSZ.TT

12.062
2. _].2
8.309

]9.895
5.o85
3.18'i'

0.536
12.612

l 2 • _ 9

0.2_5

9.837
2.1_12

6.87_
.755

5.15o
k._6

113.18
50o.oo

• I021_.00

0.035
8.750

I?.9"O
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___ TABLE IV. MODEL DIMEWSICL_L DATA (Ccmtinued)

MODEL CG_PCmEI_: EXTEIW_L _ - T38

GENEIg_ DESCEIPTI_: 8p_ke nose e_tion.

NGDEL _:

DRA_ NtKBER:

D2MX_IC_:

Length

Max. _ldth

Max. Depth

Fineness l_tlo

Area - Ft 2

o.o175

_rs-ooooo_z

MAx. _ss-Sectt om_

Shntt_ C_. _._vin_)

lq/LL SCALE

Z850.525

331.oo

59_.678

MODEL SCALE

3s.38_

5.7_

5.687

0.1821
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TABLE IV , MODEL D]]4_SI(_AL DATA (Comoluded)

MODEL CCMPONERT: BO(_ S(IIaTDB00KLT ROTGB - $26

GENERAL DESCRIPTICm: The _l_ 18 an e_ propelJi_ jystem _Ich

is JettiJoned and recoverable after burwout. _ae ]BIM'8 ean be

refurbished a_d _ed aAa%eF z_eovexT.

MODEL SCAL_: O.0175

DRAWI_ NJMBER: SRB Dmvlng - _rTT-OOOOO2Q, W_7-OOOOO3F

Shuttle Conf.. - _2-O0000_F

D2ME_IO_S: _ S_ MODEL SCALE

Lemgth 1789.60 31.318

Max. Width tank Dia., In. I_.00 2.555

Max. Depth, aft shroud dia., In. 208.20 3.6_3

Fineness l_tio 8.596 8.596

W.P. of BSRM eenterline _O0.0

F.S. of BSHM nose T43.0

B.P. of BSRM eenterline 250.5
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TABLE Vl. Thermocouple Plug No. Constant Set

Constant Set Number

i00

200

300

400

Thermocouple Plug Numbers

29S, 30S, 31S, 32S, 33S

i0, 4T, 6T, 9T, 18T

20T, 21T, 22T, 25T, 26T

31T, 34T, 35T, 36T, 37T
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All Dimensions in Inches

X-O

Flg___e 2. External tank nose tip configuration.
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Figure 3. Thermocouple Locations

a) Orbiter Foward Fuselage
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Data Figures

Tabulations of these plotted data figures may be obtained from DMS on request.
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